• AIM: To study the evolution of the refractive status and examine the affected factors in infants during the first year of life in a large sample size in China.
INTRODUCTION
R efractive error is a major eye care problem throughout the world [1] [2] and ametropia is known to increase the risk of amblyopia and strabismus [3] . In order to early intervene for refractive error, it is necessary to understand the starting point of refractive error at birth and the corresponding refractive status of different development stage. It is well-known that eye refraction changes with age, and young children are generally hyperopic [4] [5] [6] [7] [8] [9] [10] [11] . Compared with full-term infant, premature infants especially low birth weight premature tent to develop myopia in the future [12] [13] [14] [15] [16] [17] [18] . However, subjects of most studies were started measurements after one to three years of age. There were only a few studies about refractive error especially before one year old [10] . And most of them were in small samples. Because of the limitation of age and check condition, large samples size were few. The aim of our study is to find the evolvement rule of refractive status at early development stage, by investigating the refractive status of premature infants and full-term infants in China during the first year of life with large samples. These data would provide essentially normative information for screening program.
SUBJECTS AND METHODS
Subjects This is a retrospective cohort and cross-sectional study. A total of 1258 children (2516 eyes) participated in this study. It comprised 766 premature infants (26-36wk of gestation, the mean gestation age was 32.23wk), and 492 full-term infants (37-44wk of gestation, the mean gestation age was 39.17wk) who were given an eye examination at Qilu Children's Hospital of Shandong University, from January 2014 to August 2016. For premature infants, most of them came to the hospital to perform retinopathy of prematurity (ROP) screening, and the rest were for ophthalmic examination. The corrected gestation ages at the checked point were between 32wk and one year old. In this study, corrected age equals to postnatal age minus the difference between term (40wk) and GA at birth. For instance, the CGA of an infant born at 28wk' GA and tested at postnatal age 24wk was 12wk: 24−(40−28)=12. An infant born at 38wk' GA and tested at postnatal age 6wk was 4wk: 6−(40−38)=4. We referred to "corrected gestational age" as "age" in this report unless special instructions. Statistical Analysis In this study, sphere, cylinder and its axis for each measurement were recorded, and then calculated the SE for each measurement was calculated. SPSS 11.0 software was used for all statistical analysis. Statistical significance was defined as P value less than 0.05. Correlations between eye refraction and the different variables were analyzed with regression and Pearson correlation tests. Because of highly correlated with age and weight, the partial correlation analysis was performed on the relationship between SE and body weight. Figure 2 ). Astigmatism A total of 2516 eyes were enrolled into the study. Among them 1061 eyes (42.17%) existed astigmatism, including 71 myopic astigmatism eyes (2.82%) and 990 hyperopic astigmatism eyes (39.35%). The minimum myopic cylindrical power was -3.50 D, and the maximum hyperopic cylindrical power was +4.00 D. The 94.37% myopic and 93.94% hyperopic astigmatism degree were below 2.00 D (Table 4) . Figures 3, 4 showed the magnitude and axis of cylindrical power. The 94.1% of hyperopic astigmatism was with-the-rule astigmatism and 71.83% of myopic astigmatism was with-therule astigmatism. DISCUSSION Mean Spherical Equivalent Refraction Our study provided a detailed analysis with several unique findings about the refractive status during the first year of infancy. The changes of eye refraction tend to more hyperopic with the age, then hyperopic degree gradually declined, until emmetropia or myopia. This rule is consistent with those former reports [3] [4] [5] 17, [19] [20] . The crystalline lens of premature is near the cornea and is relatively spherical in shape, which leads to shallower anterior chamber and more highly curved cornea compared with eyes of full-term infant [5] . The lens change rapidly during the last trimester with flattening and moving away from the cornea, which results in thinner lens thickness, shallower anterior chamber and smaller corneal curvature. Thus, we believe that there is a large refractive shift from myopia to hyperopia before the time of full-term birth. Cook et al [5] referred that the components of refractive state showed linear patterns of growth up until 44wk postmenstrual age. In our younger patients, the refractive was +0.94 D at the corrected gestational age of 34wk, then hyperopic degree increased gradually. At the age of 1-2mo, the refractive reached the top value (+2.43±1.46 D) and then declined. At the age of one year, the refractive reached to +0.59 D. Cook et al [5] reported that refractive state showed an average myopia of -2.00 D at the age of 32wk. These results verified that refractive developed from myopia in embryonic period, then followed by a trend toward hypermetropia. Ton et al [4] referred that the mean refractive of infants was +1.24 D in infants aged 1mo or less and reached to +2.50 D at the age of 4-6mo. Gunay et al [6] and Mutti et al [7] showed a mean refractive error of about +2.2 D from the first to the fourth month of age then declined. Wood et al [11] showed a mean spherical equivalent error of +1.44 D for 58 infants at 2wk of age, which increased to +2.84 D at 12wk of age. Our result was in agreement with them. Chen et al [3] found the mean cycloplegic spherical equivalent was highly hyperopic (OD, +3.47±2.43 D; OS, +3.64±2.43 D) for full-term Chinese neonates who were between 1d and 6d of age, whose hypermetropia was about 1 D greater than that of our results. Astigmatism The prevalence of astigmatism was 42.17% in this study, including 2.82% myopic astigmatism and 39.35% hyperopic astigmatism. It was consistent with previous reports [13] . It was shown that the magnitude and proportion of astigmatism and myopia of premature were greater than that of full-term infants, especially with advanced ROP [14] [15] 19] . Astigmatism is mainly influenced by corneal curve, and premature with advanced ROP has highly curved corneas [10] . Lu et al [14] referred that patients with aggressive posterior retinopathy of premature (APROP) who underwent laser treatment tend to have more severe astigmatism, but no significant differences between APROP and the non-APROP.
In this study, premature had 2.42% myopic astigmatism and 31.53% hyperopic astigmatism, the mean degrees were -1.14 D and +0.99 D respectively. While full-term had 3.25% myopic astigmatism and 51.52% hyperopic astigmatism, the mean degrees were -1.23 D and +1.14 D. The two distributions between premature and full-term were significantly different (P=0.000). One reason was that we excluded those premature with advanced ROP which had more risk to develop astigmatism. Another possible reason was that some full-term infants felt fear and crying when checking and eye speculum had to be used to open the eyelids, which might increase the astigmatism degree.
Refraction and Other Factors Our study showed that refraction had a positive linear correlation with age. Many studies [4] [5] [6] [7] [8] [9] [10] [11] referred that eye refraction was correlated with age at the time of examination, but not with birth weight or gestational age. However, low birth weight and ROP have long been known to be implicated in the development of myopia, astigmatism, and anisometropia. Children with laser treatment for ROP tend to have higher risk [10, [13] [14] [15] [16] 18, [20] [21] . However, there were no significant differences in the refractive status in patients with regressed ROP and in preterm infants without ROP [14] . In this study premature infants with advanced ROP or APROP were excluded, but regressed ROP were reserved. Our study found that eye refraction was connected with age at the time of examination and sex. Boys had higher hyperopic degree than girls. The difference between boys and girls was significant (F=8.215, P=0.004). This result was different from most previous research results [4] [5] [6] [7] [8] [9] [10] [11] [22] [23] [24] . Kleinstein et al [25] referred that the prevalence of myopia in boys was higher than that in girls. In China some research showed that myopia was associated with female [26] [27] . Our result showed that male had more hyperopia than that of female, which implied that females had more feasibility to develop myopia. But the evidence was not sufficient. Further long follow-up study will be needed to confirm. After adjusting the checking age, eye refractions had no relation with birth gestational age, birth body weight and now body weight. Excluding premature infants with APROP or advanced ROP, premature and full-term children had same refraction status and no significant differences between two distributions (P>0.05). As the samples size of different age groups in the study was not matched, especially at the age from 7mo to one year old, this might lead to inaccuracy of the results. Our results only showed the refractive status of infants before one year, and it could not represented the whole refractive evolution of children. The importance of long-term follow-up should be emphasized.
